Abstract: Synthesis of latexes based on polystyrene (PSt) and polybutylacrylate (PBuA) dyed with Rhodamine B (RhB), by polymerization in ternary microemulsions, is discussed in this paper. Silica was generated through the solgel process of methacryloxypropyl-trimethoxysilane (MPTS) and glycidyloxypropyltrimethoxysilane (GMPS). MPTS copolymerizes, through its double bounds, with St or BuA. GMPS can form covalent bonds with RhB by opening of the oxyranic cycle. The smallest average diameter of the particles was obtained for latexes prepared with MPTS+GMPS couple. Latexes with RhB prepared in the presence of an organophilic layered silicate (Cloisite 20 A) were used for comparing the influence of the inorganic fillers on microemulsion properties. By St and BuA copolymerization with MPTS hybrids which can react by sol-gel process with GMPS, a coupling agent for RhB, were prepared. By using RhB as molecular sample, polarity modifications for polymer-inorganic latexes were put in evidence.
Introduction
In order to bring forward the silica hybrids change of polarity, in previous works we used Rhodamine B (RhB), which can be fluorescent. In this respect, polymer-silica hybrids were synthesized in ternary microemulsions, in the presence of some coupling agents that can copolymerize with monomers by radical polymerization and, also can generate silica networks by sol-gel processes.
The efficiency of Rhodamine B (RhB) (Uricanu et al. [1] ) was demonstrated before in proving the modification of organic-inorganic nanohybrids polarity. Numerous published studies give examples of the efficiency of using fluorescence spectroscopy or UV for studying diverse silica hybrids in which RhB acts as a selective dye [2] [3] [4] [5] [6] [7] [8] . The polymer-silica hybrids (Pope et al. [9] ) and even the polymers (Rossi et al. [10] ) determine the spectral modifications of RhB; a fact that justifies its utility in laser studies, solar cells, wave's guides, sensors, materials with nonlinear optics [2, [5] [6] [7] 12] etc.
The covalent bonding of RhB with silica was experimented by use of a glycidyl trialchoxysilane derivative in the sol-gel process as SiO 2 generator [2, 3, 7] .
Spectral modifications suffered by RhB in silica hybrids can be explained by the properties of these dye solutions in solvents with different polarities (e.g.: alcohol and water) [5, 6, 11] . In water, due to hydrophobic bonding, RhB forms dimers (λ=520 nm) in equilibrium with the monomers (λ=560 nm). The optical properties of RhB in alcohol/water mixtures vary nonlinear with ratio of the two solvents (Fujii et al. [5] ).The minimal concentration of dimers was found in alcohol, a component less polar, which presents the capacity to solubilize RhB, a dye with a large hydrophobic group.
Nanostructuration of alcohol/water mixtures which generates formation of hydrophobic nanodomains capable of dissolving organic monomers was demonstrated somewhere else (Donescu et al. [13] ). Based on these studies, it was shown that the nonlinear modification of UV spectra for RhB in alcohol/water mixtures depends strongly on the type of nanostructuration of the dispersion medium. Both for RhB monomer as well as for its dimers, λ max has a superior value in water in UV spectra which decrease nonlinearily with the increase of ethanol concentration (Stefan et al. [14] ).
The dimers presence and the RhB structure are strongly dependent on the system average acidity (Fujii et al. [5] and Deshpande et al. [6] ). The fact that a component as neutral as styrene (Gosa et al. [15] ) has modifications of UV spectra that follow the degree of medium nanostructuration, leads us to consider usefulness of the dye studied in this research work.
For the hybrids containing silica, the dimers concentration decrease during the solgel process (Fujii et al. [5] and Deshpande et al. [6] ) and the micropolarity of inorganic structure affects the RhB spectral behavior (Han et al. [3] and Matthews et al. [8] ). Hydrophobic interactions and dimers formation of RhB were put in evidence also through its interaction with layered silicates (LS) (Arbeola et al. [16] and Yariv et al. [17] ). The interactions with LS are very complex, depending on reactants ratio, and are manifested by adsorption at the surface and at the level of inter-lamellar spaces.
Rhodamine-grafted polymer nanoparticles (Bosma et all. 18 ) are easier to be analyzed using confocal scanning laser microscopy (CSLM). On the other hand, Rhodamine entrapped in glasses shows enhanced fluorescent emission (Gutierez et all 19) . Taking into account that this research field is "still in its infancies" (Gutierez et all 19) , we consider that hybrids polymer-silica doped with Rhodamine may be a promising material to obtain the modification of the optical properties of the dye.
In the present work, the effects of nonionic and anionic surfactants on latexes proprieties (particles diameter, zeta potential and spectral proprieties of RhB) are shown. Glycidyloxy propyl trimethoxy sylane (GMPS), a component whose efficiency was verified in previously published studies [2, 3, 7] , was used as coupling agent between silica network and RhB. The covalent bonding of polymers, polystyrene (PSt) and polybutyl acrylate (PBuA), with silica network was realized by copolymerization in microemulsion with metacryloxy propyl trimethoxy silane (MPTS), a bifunctional monomer, both for radical polymerization, as well as for sol-gel process (Uricanu et al [20] and Bourgeat-Lami [21] ).
Results and discussion
Syntheses conditions are presented in Tab.1. Polyfunctional derivative MPTS copolymerizes with monomers during the first stage of radical polymerization. The use of a buffer (for pH=7) generates the conditions for a small rate of sol-gel process of methoxy group (Bourgeat-Lami [19] ). GMPS (silane with gycidyl group) can react with RhB by opening oxyranic group [2, 3, 7] . After final addition of ammonia, the solgel process allows the formation of silica network. RhB reaction with oxyranic group is possible also with GN + . Due to quaternary salt, this derivative can be attached to silica by ionic interactions. ) . By doing this, the modification of latexes proprieties and the capacity of interaction with RhB (depending on surfactants nature or polymers polarity) could be compared. To this aim, solutions of RhB in water without surfactant (X-Tab.1), in water with surfactant (Y-Tab. 1) and in water with surfactant and GMPS (Z-Tab. 1) were prepared. In some previous works, we studied polymerization in microemulsion in presence of organophilic layered silicates (Donescu et al. [20] ). Stable latexes were obtained only in the presence of SDS. Due to this reason, we also prepared, only for microemulsions with SDS, the latexes with RhB in presence of an organophilic layered silicate (Cloisite 20 A) (I-Tab. 1), for comparing the effect of the inorganic filler.
All latexes obtained during the present study were stable for 6 months. The modifications of particles medium diameter in all different experiments are included in Fig.1 . By comparing the value of average diameter of latexes prepared with RhB (BTab.1) and without RhB (A-Tab. 1) it was noticed that the presence of the dye induces an increase of particles dimensions.
The presence of some ionic groups in RhB structure (Pope et al. [9] ) can determine associations of particles which are forming in time. Especially interesting is that, due to these ionized groups, the value of zeta potential becomes more negative when the latexes are colored with RhB (Fig.2 , variants A and B from Tab. 1).
Fig. 2. Variation of latexes zeta potential, with respect to the syntheses conditions.
Also interesting is the effect of functional silica network, obtained when GMPS and MPTS were used. If the value of medium diameters of latex particles are compared for type N (with GMPS), type F (with GMPS, MPTS) and type O (with GMPS, MPTS and GN + ), it can be remarked that smaller particles are obtained for F type. In these reaction conditions, a bonding of MPTS latexes by radical copolymerization is realized. The glycidyl derivative (GMPS) can react with RhB by opening the oxyranic cycle [2, 3, 10] . By sol-gel process of methoxy groups, covalent links between polymer particles and functional silica network with RhB are obtained.
Among the 3 types of latexes (N, F and O), the F type have the most negative value for zeta potential. The modification of zeta potential for surfactant solutions with RhB (Y-Tab.1), compared with those prepared in presence of GMPS (Z-Tab.1) is noticed too. Addition of glycidyl derivative decreases the value of zeta potential in the both experimental procedures (SDS and NPEO 25 ) (Fig.2) . This modification is explained by bonding the oxyranic cycle from GMPS with carboxyl group of RhB (Pope et al. [9] ). Starting from the results obtained for the Y, Z systems, we can also explain the decrease of zeta potential in presence of an N + group (variant O), which can interact electrostatically with silica network. The comparison of latexes medium diameters from Fig.1 put in evidence a decreasing of this parameter in the following order: St+NPEO 25 >BuA+SDS>St+SDS. This decreasing is due to higher stabilization capacity of anionic surfactant (SDS) and to the much stronger interaction with the hydrophobic monomer (St) (Vijayendran et al. [23] ).
Prior to the study of the effect of polymer latexes on UV spectra of RhB, we evaluated the spectroscopic behavior of the dye in water and surfactant solutions. As in the previous published studies [5, 6, 11] in water (X-Tab.1) a maximum absorption peak attributed to RhB monomer (λ max = 560 nm) and a shoulder at a smaller λ (520 nm), which is characteristic to the dimers was put in evidence. In the SDS water solutions (Y-Tab.1) the shoulder corresponding to the dimers decreases. Same phenomenon is observed in the presence of SDS + GMPS in water (Z-Tab 1).
The minimal dimers were remarked in water solutions containing NPEO 25 . The explanation of this comportment resides in the fact that, being a nonionic surfactant, NPEO 25 has a hydrocarbon group larger than SDS group which contains also a benzene nucleus. RhB stabilization in the hydrophobic area of the mycellar system in water reduces the dimers contribution [5, 6, 11] . UV spectra of RhB dispersed in the obtained latexes with SDS are shown in Fig. 3 . A dimer characteristic shoulder can be noticed only in the case of latexes containing LS (I-Tab1). In the cases of latexes which contain modified silica as inorganic component, only one λ max characteristic to RhB monomer is noticed, in concordance with the published results for other hybrids (Han et al. [3] and Metthews et al [8] ). These results suggest that RhB dispersion in latexes with LS provides, for the dye, micro-vicinities with superior polarities than the ones from silica (Arbeola et al. [16] and Yariv et al. [17] ).
Change of absorption domain for the dye with respect to different latexes synthesized in the present work, is represented in Fig. 4 . A common element observed for the three experimental variants (St+NPEO 25 , St+SDS, BuA+SDS) is the fact that λ max with the highest value is shown for the latexes which besides of polymers contains RhB coupled with GMPS and MPTS (F-Tab. 1). According to the previously published data (Stefan et al. [14] ), this behavior suggests that RhB is dispersed in a micro-vicinity with maximum polarity, but without associated states of dimers like the ones that occur when LS are used. The explanation of these experimental results is that RhB can covalently bond with GMPS [2, 3, 7] and the methoxy groups of the coupling agent participate in sol-gel with similar groups from the MPTS-St or MPTSBuA copolymers (Bourgeat-Lami [19] ). In other studies it was claimed that polymers polarity can modify the amount of water bonded with the latex particles, generated by polymerization in emulsion (Donescu et al. [24] ). To verify if the spectral modifications discussed previously are not induced by the amount of bonded water, we analyzed thermo-gravimetrically the latexes (Fig.  5a) . As a confirmation of the previous data, we noticed that, by programmed heating, the latexes lost the biggest part of water quantity in the 20-100 % interval. This water is considered free water. The bonded water can be estimated by establishing the quantity of water evaporated over 100°C.
The TGA curves comparison shows a different amount of bonded water due to different compositions of the hybrid latexes. The modification of bonded water amount, estimated as percent of the total water quantity, is presented in Fig. 5b . It can be appreciated that the biggest amount of bonded water is put in evidence for the latexes obtained in the presence of SDS by addition of quaternary ammonium salts (GN + , Cloisite 20A) (O, I).
The fact that the F type latexes, which presented in UV spectra the higher λ max , do not have an increased amount of bonded water confirms the previous conclusions: RhB is in a micro-vicinity with maximum polarity due to the silica bonding. The RhB bonding with hybrid latex particles is demonstrated by another experiment. If the RhB concentration is increased 5 times, after the water extraction from the solid polymers and after centrifugation, the solid products are more colored than those with reduced dye concentration. The solid polymers obtained after water elimination and surfactants extraction were analyzed also related with their thermal stability (Fig. 6) . By comparing T max (thermal decomposition with the maximum rate) for the PSt latexes prepared with NPEO 25 with T max for PSt latexes prepared with SDS, smaller values were recorded in the case of the anionic surfactant. These differences are due to traces of surfactant left after washings. The anionic surfactant, SDS, has a thermal stability smaller comparing with nonionic (NPEO 25 ) and influences the general stability of polystyrene (Donescu et al. [22] ).
From Fig. 6 it is also observed that the hybrids obtained in the presence of layered silicate (I-Tab. 1) got a superior thermal stability due to the very advanced dispersion of alumina-silicates tactoids in the polymer matrix. The inorganic residue recorded for type N, F, O and I latexes is much superior than the one obtained for the usual latexes (A, B -Tab.1), demonstrating formation of polymer-inorganic hybrids.
The glass transition values of PSt-latexes obtained in presence of SDS are shown in Fig. 7 . The maximum T g value is presented by the hybrids obtained with layered silicate (I-Tab. 1), fact which confirms the advanced dispersion of the inorganic component.
Fig. 7.
Modification of glass transition temperature (T g ) for PSt prepared in the presence of SDS. FTIR spectra of PSt obtained after 3 time washing in hot water are shown in Fig. 8 . The differeces between the blank sample and the polymer-inorganic hybrids occur around 1100 cm -1 due to Si-O-Si bonding. The presence of this absorption band proves the presence of the silica network in the polymer obtained by microemulsion. The presence of methacryloxy group from MPTS determines appearance of a new peak around 1722 cm -1 due to carbonyl group present in comonomer. A large absorption appears around 3500 cm -1 due to Si-OH bonding, existing in silica network.
SEM images of dialyzed PBuA latexes are presented in Fig. 9 . Because of the reduced T g , the homopolymer forms a film with discontinuities (B -Tab. 1, Fig. 9a ). The hybrids obtained in presence of GMPS look more agglomerated, but without individualization of particles (Fig.9c TEM images for P(BuA-MPTS) indicate the heterogeneity of polymer particles induced by the silica networks obtained after the sol-gel process (Fig. 9e) . Due to the low T g of PBuA, the particles are deformed and presented a higher size than in DLS measurements. The particles observed by TEM are, in fact, aggregates of the individual particles measured by DLS.
Conclusions
Hybrids latexes of PSt & PBuA were prepared in presence of trialcoxysilanes and dyed with RhB. By St and BuA copolymerization with methacryloxy propyltrimethoxy silane (MPTS) hybrids which can react by sol-gel process with glycidyloxypropyl trimethoxy silane (GMPS) were obtained. The glycidyl component can fix RhB and covalently bond by sol-gel process with copolymer's latexes. These latexes got the smallest particle dimensions and the most negative value of zeta potential. RhB colors the latexes, and λ max for hybrids with MPTS and GMPS have the highest value, demonstrating the bonding in the area of maximum polarity. The hybrids obtained in the presence of layered, hydrophobic silicate present absorptions in UV characteristic regions for RhB dimers. The IR spectra and the increase of inorganic residue demonstrate the formation of polymer-silica hybrids.
Experimental part

Materials
Styrene (St) and butyl acrylate (Bu A) were purified by vacuum distillation. Methacryloxy propyl trimethoxy silane (MPTS), glicidyloxypropyl trimethoxy silane (GMPS) and glycidyl trimethyl ammonium chloride (GN + ) (Fluka) were used as purchased. Natrium dodecyl sulfate (SDS) (Merck -Shuchardt) and nonyl phenol ethoxylated with 25 moles of ethylene oxide (NPEO 25 ) (commercial product) were used without purifications. Also, ammonium persulfate (APS) (Loba Feinchemie) and the layered organo silicate derivative (Cloisite 20A) (Southern Clay Products Inc.) were used as received.
Procedures
In a 3 necked flask, with refrigerant and magnetic stirrer (350 rot/min) were introduced successively, at room temperature, 40 cm 3 water (pH = 7 buffered) and 8 g of surfactant. After dissolution, 4 cm 3 of the monomer along with the coupling agents were added (Tab.1). The so formed mixture was transparent and homogenous. It showed opacity only if LS-Cloisite 20A was added after surfactants. A nitrogen barbotage was applied, the reaction mixture was heated at 65 °C and 0.15 g APS were added to start the radical polymerization.
The reaction time was 3 hours. After cooling, 0.2 cm 3 of NH 4 OH (25 %) were added. When RhB was used (0.001 g), it dissolved at room temperature in the initial mixture of water and surfactant. The resulted latexes were transferred in glass vials closed by flame to check the time stability. Parts of them were analyzed to determine particles average diameter and zeta potential immediately after the synthesis. To analyze the solid products, the latexes were dried in polyethylene trays, the impurities being eliminated by repeated water washings and centrifugation.
Analyses
Conversion was established gravimetrically. Average particles diameter and zeta potential were determined with an instrument Zetasizer Nano ZS ZEN 3600 (Malvern) for diluted samples with NaCl solution (0.01 M). IR spectra were registered with an instrument FTIR Tensor 37 (Bruker). Thermal analyses TGA and DSC were performed with an instrument Du Pont 2000, with a heating rate of 20 °C/min and 10°C/min, respectively. To determine bonded water, the heating rate was 5 °C/min. To analyze the film morphology ESEM -FEI-Quanta 200 was used. Samples were examined with a transmission electron microscope JEM Jeol 1010, covered with carbon, directly on the grid layer.
